PANEL2050 Regional Trainings
ESTONIA

Training series: How to tfransition fowards sustainable energy?
Koolitustesari: Kuidas jouda keskkonda saastvama energeetikani?




Trainings’ table of contents / Koolituste sisukord

.....
T i

1. Innovation in renewable energy / Innovatsioon taastuvenergeetikas (19.
november 2017)

2. Financing renewable energy projects / Taastuvenergia projektide
rahastamine (23. november 2017)

3. EU financing mechanisms for sustainable energy projects / Sddistva
energeetika rahastamine EL vahenditest (30. november 2017)

4. Project writing for local governments / Projektikirjutamine kohalikes
omavalitsustes (8. detsember 2017)

5. Biomethane as transport fuel / Biometaan transpordikiitusena (24.
jaanuar 2018)

6. Planning energy management, creating sustainable energy roadmaps /
Energiamajanduse planeerimine, sddstva energeetika tegevuskavade
koostamine (1. marts 2018) —




Trainings / Koolitused

1. Innovation in renewable energy / Innovatsioon taastuvenergeetikas

* Innovation in renewable ene,rﬂi. Solutions and challenges / Innovatsioon taastuvenergeetikas. Lahendused ja
vdljakutsed. Enn Lust (Tartu Ulikool)

* International Energy Agency as an engine for energy innovation / Rahvusvaheline Energiaagentuur kui
energiainnovatsiooni mootor. Peter Gornischeff (MKM esindaja IEA ja OECD juures)

* Energy sector and R&D financing / Energeetika T&A&I rahastamine. Maria Habicht (ETAG)

* Directions in solar energy sector / Pdikeseenergia sektori suundumused. Andres Meesak (Eesti Paikeseenergia
Assotsiatsioon)

 Road that produces electricity / Elektrit tootev tee. Malle Krunks (TTU)

* Innovation in wind energy / Innovatsioon tuuleenergeetikas. Tuuliki Kasonen (Eesti Tuuleenergia
Assotsiatsioon)

* Development of small wind mills in Estonia and global scale / Viiketuulikute areng Eestis ja maailmas. Sergei
Melentjev (Tuge Energia)

« Overview of efficient fuel bio-additives / Efektiivsetest bio-kiituselisanditest. Raul Raudsepp (TLU,
NordBioChem)

« Developments in hydrogen energy / Arengutest vesinikuenergeetikas. Enn Lust (Tartu Ulikool)

» Perspectives for biomethane / Biometaani tulevikuvdéljavaated. Ahto Oja (Eesti biogaasi assotsiatsioon)
* Innovation in district heating / Innovatsioon kaugkiittes. Priit Koit (Utilitas AS)

 Tartu district cooling / Tartu kaugjahutus. Margo Kilaots (Fortum Tartu)

 Estonia as a pilot country for digital energy / Eesti digitaalse energia pilootriigina. Georg Rute (Elering)




Innovatsioon
taastuvenergeetikas.
Lahendused ja valjakutsed

Enn Lust
enn.lust@ut.ee

Tartu Ulikool
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1. Energy potential

Global flux of renewable energies vs. fossil fuel consumption
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Energia tootmise kasv maailmas ja
erinevate energiaallikate osakaal
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U.S. Energy Information Administration projects 48% increase
in world energy consumption by 2040

World energy consumption by source, 1990-2040
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Social Progress Index vs Energy per country
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Figure 1. World energy consumption, 1990-2035
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Kasvuhoonegaaside tootmine maailmas
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http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Final_energy consumption, EU-
28, 2015 (%25_of total,_based_on_tonnes_of_oil_equivalent) YB17.png



- Other (1.4%)

CO, (3.6%) —

Water Vapour
{95%)

Greenhouse Gases
in Atmosphere

Nitrous Oxide Fluorinated
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(84%)
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http://ib.bioninja.com.au/standard-level/topic-4-ecology/44-climate-change/greenhouse-
gases.html



https://et.wikipedia.org/wiki/Kasvuhoonegaasid#/media/File:15-233-Earth-GlobalAirQuality-2014NitrogenDioxideLevels-
20151214.jpg



This graph shows the dramatic step change in the growth of China’s carbon dioxide

emissions that’s taken place in the last 15 years:
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Source: Data from the Global Carbon Project, Global Carbon Atlas. Graph by Carbon Brief.

As China’s economy has boomed, emissions have grown — fast.

http://www.carbonbrief.org/how-much-of-chinas-carbon-dioxide-emissions-is-the-rest-of-the-world-responsible-for
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Euroopa iga liikmesriik peab 2030. aastaks vahendama susinikukogust
vastavalt suhtelisele joukusele (vorreldes 2005. aasta emissiooniga

_ja_

http://www.err.ee/638486/raskelt-sundinud-kliimalepped-euroopa-puuab-rohkem-siduda

vahem-heita



Euroopa Ulemkogu otsus:
EL aastal 2020

Vahendada energia tarbimist 20%
Vahendada kasvuhoonegaaside emissiooni 20%
Taastuvenergiast toota 20% energiast

Teise pdlvkonna biokutuseid toota 10%




EU CLEAN FUEL
STRATEGY (2020/2025)

ELECTRICITY

@Recharging points connected into
networks (Germany, France,
Netherland, UK, Spain, Estonia)

@"Type 2" plug as the common
standard for the whole of Europe

SUSA — 60 million cars

&China - ~6 million cars as well

HYDROGEN

dHydrogen refuelling stations (Germany,

Denmark, Italy, UK, Spain, Estonia)
@Hydrogen vehicles

@dStandardization as a main problem

@14 member states initiative

@Hydrogen from wind farms, solar systems, etc.

NATURAL GAS

ne B

@For waterborne
transport and tracks

dInfrastructure in
early stage

@38 filling stations
(2012)

@In 2020, 139
refuelling stations are
installed every 400
km along the roads

CNG

&2012: One million
vehicles currently
use this fuel
representing 0.5% of
the fleet

@The aims to
increase this figure
ten-fold by 2020

drefuelling points
with maximum
distances of 150 km
by 2020

BIOFUELS

needed

dnearly 5% of the market
@A key challenge — sustainability
@Mainly blended fuels

@No specific infrastructure is

http://ec.europa.eu/commission_2010-2014/kallas/headlines/news/2013/01/clean-fuel-strategy_en.htm
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Exhibit 3: Other credible sources figure only an 8% growth over current levels by 2030.

World Electricity
Generation

Source: Sustainable Energy Review, Oct, 2012.

https://wattsupwiththat.com/2012/12/10/a-lol-press-release-on-renewable-energy-from-wishful-thinkers-at-the-
university-of-delaware/



RES-E Potentials are heterogenous across Europe

Wind Onshore Photovoltaics

= specific specific

== | generation generation
costs
[€/MWHh]

Source: EWL.

Source: EWL

Use of EU-wide most favorable sites for renewable power generation
yields cost savings until 2020 of >100 bn. €, if a sufficient
tfransmission gridis given (EWI, 2010).

EASAC Energy Steering Panel | Energy Systems Analysis | PD Dr D Lindenberger Dublin | September24th 2012



Hiibriidelektrijaam/siisteemi pohimotteline skeem

Elektroliiiisi teel
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Soojus

Kaugkiite

Biogaasi hoidla

Prototiilibi seadmestik h6lmab kolme tuuleturbiini (2 MW/iihiku kohta), mis on iihendatud vérku ja elektroliiiiserisse (gaasi tootmine: 120 Nm?3/h vesinikku, 60 Nm3/h
hapnikku, optimaalne réhk: 15-20 mbar (atm.)), kompressorit (nominaalvool: 2x60 Nm?3/h vesinikku, véljundréhk: 43 bar (abs.)), statsionaarset vesinikuhoidlat (3
réhuanumat, hoiustamise maht: 1.350 kg H, 43 baari juures ( abs.)), bioaaasi tootmise seadet, mille nominaalne tootmisvimsus on ca 300 m*/h ja hoiustamise maht
ca 2.600 m?; ja kahte CHP (kombineeritud soojus ja véimsus) seadet (max. aastane elektri toodangu maht 2.776 mWh ja soojuse toodangu maht 2.250 MWh). See

soojusvoimsus on piisav, et soojendada ca 80 iksikpere maia.




Supply Grids Storage
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Figure 1. lllustration of flexibility components in the electricity system.

https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_partl_v6.pdf



Pumped-

Thermo- Hydrogen Lithium-lon Super-
Hydro chemical Storage Battery capacitors
Storage
Sensible Lead Acid
CAES thermal Battery
Latent

Redox flow
Flywheels Battery
CAES = Compressed Air Energy Storage; LAES = Liquid Air Energy Storage; SNG = Synthetic Natural Gas.
Figure 2. Example of energy storage types (source: World Energy Council)

https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_partl_v6.pdf
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Storage Capacity
Source: School of Engineering, RMIT University (2015)
Figure 3. Available storage technologies, their capacity and discharge time.

https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_partl_v6.pdf



Top-selling light-duty plug-in electrified vehicle global markets
(cumulative sales through December 2016 by country/region)

China 645,708

Europe

637,552

United States

570,187

Japan 147,488

Norway 135,276

The Netherlands 113,636

France 108,065

United Kingdom

L

91,627

Germany 74,754

i

100,000 200,000 300,000 400,000 500,000 600,000

http://www.hybridcars.com/the-world-just-bought-its-two-millionth-plug-in-car/



All-electric car EPA rated range per full charge
2016/2017 model year available as of July 2017 (miles)

Tesla Model S P100D o —————— e ] 315
Tesla Model 3long range i 310
Tesla Model X PI0D e 257
Chevrolet Bolt EV s 238
TeslaModel 3standard =~~~ 1220
L B S S——— 2
Tesla Model X60D L 200
BYD e6 R — 187
2017 Volkswagen e-Golf ] 125
Hyundai loniq Electric Ll 124
2017 Ford Focus Electric | 115
BMW i3 94 A-h - _—
Nissan Leaf 30 kW-h _ 107
KiaSeul EV L 93
Mercedes-Benz B250e [ 87
Nissan Leaf 24 kW-h Ll 84
Fiat 500e Ll 84
2016 Volkswagen e-Golf ] 83
Chevrolet Spark EV L 82
BMWIi3 60 A-h L 81
2016 Ford Focus Electric s 76
Smart electric drive [ 68
2016 Mitsubishi -MIEV L 62

https://en.wikipedia.org/wiki/Electric_car#/media/File:BEV_EPA_range _comparison_2016-2017_MY_US.png



Lithium-ion and Na-ion batteries
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Figure 12 » Electric car stock and publicly available EVSE outlets, by country and type of charger, 2016

Electric car stock Publicly available slow chargers Publicly available fast chargers
2 million 212 000 outlets 110 000 outlets
B China
¥ Japan
= United States
# United Kingdom
© Germany
» France
B Norway
® Netherlands
B Canada
# Others

Sources: IEA analysis based on EVI country submissions, complemented by EAFO (2017a).

Key point: Electric cars still outnumber public charging stations by more than six to one, indicating that most drivers
rely primarily on private charging stations. Publicly available EVSE shares are not evenly distributed across markets.
This is consistent with the early stage of electric car deployment.

https://www.iea.org/publications/freepublications/publication/GlobalEVOutlook2017.pdf



The Future of Electric Charging Stations Projected in 4 Simple Maps

Next stage: 96 to 239 fast-charging stations depending on station spacing

https://energy.gov/eere/articles/future-electric-charging-stations-projected-4-simple-maps




Optimaalne ja moéodukas elektrivorgu laienduse kava Euroopas.

Optimaalne vorgustikulaiendus Modereeritud vorgustiku laiendus

7

N
\

+228.000 km 2050.aastaks +111,000 2050.aastaks
(+76% vorreldes 2010. aastaga) (+37% vorreldses 2010. aastaga)



Fig. 2: Alternative-fuel passenger cars as a proportion of total passenger car fleet

Chart Table

Chart — Alternative-fuel passenger cars as a proportion of total passenger car fleet
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Note: NG = Natural gas; LPG = Liquefied petroleum gas.

https://www.eea.europa.eu/data-and-maps/indicators/proportion-of-vehicle-fleet-meeting-4/assessment-1



Efficiency Gains from Next Generation
Coal-Based Electric Power Systems

80%
70% — R i 2 Gasification Combined
| Cycle Plants with
= Sequestration
3 cno, 2nd Generafion
c 60% e % Gasification
o . . Combined
2 Cycle Plants
R Ist Genéeration
W'50% Gasification
Supercritical Combined
Plants Cycle Plants*
40%
30%

* Demonstrated in original Clean Coal Technology Program
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Diagram of co-electrolysis of CO,
and H,O in a solid oxide cell, as

COs, air capture

Production
of liquid fuel
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Dense electrolyte (YSZ)
Conducts O° ions

" Porous negative electrode (Ni/YSZ)
2H20 + 4e"—2H2 +20% and
2C0; + 4e"—2C0+20% and
CO2z + H2 <> CO + H20

(reverse) water-gas shift

)_,

Gasoline, Q. Graves et al. / Solid State
diesel, etc. lgnics 192 (2011) 398-403.

Catalytic
conversion




Veest ja CO,-st kituste tootmise voimalikud teed

CO, sorbent Sorbendi regenereerimine
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Energia ja oksiidide kogumine

Fischer-Tropsch siintees holmab kdikvoimalikke kataliiiitilisi kiituste siinteesimise protsesse. WGS — (water-gas shift)

vesi-gaasi reaktsioon, RWGS — (reverse water-gas shift) poordvesi-gaasi reaktsioon.



Power-to-Gas Technology

BREAKTHROUGH IN THE NATURAL ENERGY MARKET

WIND SOLAR BIOMASS
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2016. aastal Eestis 4,9% koguenergiast tuuleenergia,
589 GWHh, st installeeritud voimsus 124 W inimese kohta

Which countries have most wind power per capita (2015)

1000 Elektrienergia tootmine taastuvatest allikatest, 2005-2016
o GwWh —  Midroenerga
900 Tunsmrergia
1000
800 == Pull- |a JAatmakinus //
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& 400
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- 400 -
g : =t (R — S
300 2006 2006 2007 2008 2009 2090 201t 2012 Z013 2094 20156 2016
200
& I I I l . . l
0
Sweden Ireland Portugal Austria Nethedands Australia Romania New Zealand China
Denmark Germany Spain Canada Uruguay UK Belgium France [taly Poland

wwav.explainthatstuff.com

https://www.stat.ee/pressiteade-2017-
0947highlight=tuuleenergia

https://cdn4.explainthatstuff.com/wind-power-capacity-watts-per-capita.png



Share of energy from renewable sources
in the EU Member States

(in % of gross final energy consumption)
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http://ec.europa.eu/eurostat/en/web/products-press-releases/-/8-14032017-BP



Elektri ja soojuse genereerimis- ning
salvestusslisteemide hierarhiline jaotus

Tsentraliseeritud riikidevahelised (EL) Lokaalne hajutatud

taastuvenergia projektid elektri tootmine
Elektri tootmise

sisteemid (tuuma,
soe, jne...)

Jaotusvdrk /

Ulekandevérk

Jll.i
&

Vaikesed

. seadmed

Vdiketarbijad (susteemid)

Suurtarbijad

Soojuse (kiilma) salvestamine, ,targad seadmed®, jne.

. Elektrienergia salvestamine.



@in operation
eplanned

Hydrogen Refuelling Stations Worldwide

Status January 2017 | |
© Ludwig-Blkow-Systemtechnik GmbH wwwbst de (274 in total in 2016)
- e il st

https://fuelcellsworks.com/news/92-new-hydrogen-refuelling-stations-worldwide-in-2016



Hydrogen Fuel Cost vs Gasoline

g

Hydrogen... It's Renewable

Cost of Hydrogen'
Source: Water
Supply: Infinite
Renewable: Yes
Carbon Footprint: No
Cost per gallon: $1.00 - 1.80kg (gge)
Source cost: $1.50 per 1000/gal. or $0.0015/gallon?
Refinery Costs: $700 - $3,500/bpd
Miles per kg of Hydrogen: 81
http://h Additional Environmental Impact Costs: No

Gasoline... It's Non-Renewable

Cost of Gasoline

Source: Crude Oil

Supply: Finite

Renewable: No

Carbon Footprint: Yes

Cost per gallon: $2.32]

Source Cost: $101.14/barrel? or $1.98/gallon
Refinery Costs: $1,000 - $5,000/bpd

Miles per Gallon of Gasoline: 18 - 31
Additional Environmental Impact Costs: Yes



Top-15 Countries 2017 January-September P'"g(;g'oia'es

0 10 20 30 40 so % Change

| | | |

Norway | | B 0 +29%

l
Germany __ +106%

UK Bl +17%

l
France d +20%

l
[
Sweden h +39%

Belgium +55%

Netherlands F -20%

Austria (2] 2016 Jan=Sep +44%

Switzerland P — +28%
Spain | H3 +66%

ltaly ~ Wlosses | +57%
Portugal +104%
Iceland H3 +268%
Finland +103%
Ukraine EVV?LUMES.COM +304%

http://www.ev-volumes.com/



Megawatts (MW)

Megawatts of Fuel Cells Shipped Worldwide by Application
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Figure 1. Megawatts of Fuel Cells Shipped in 2015, by Application
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Megawatts of Fuel Cells Shipped Worldwide by Region of Manufacture
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Figure 2. Fuel Cell Systems Shipped Globally, by Application

Figure 3. MW of Fuel Cells Shipped Globally, by Region of Manufacture

https://energy.gov/sites/prod/files/2016/10/f3
3/fcto_2015_market_report.pdf




Figure 1: Performance of EU Member States’ innovation systems
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Coloured columns show Member States’ performance in 2016, using the most recent data for 27
indicators, relative to that of the EU in 2010. The horizontal hyphens show performance in 2015,
using the next most recent data for 27 indicators, relative to that of the EU in 2010. Grey
columns show Member States’ performance in 2010 relative to that of the EU in 2010. For all
years the same measurement methodology has been used. The dashed lines show the threshold
values between the performance groups in 2016, comparing Member States’ performance in
2016 relative to that of the EU in 2016.

European Innovation Scoreboard 2017 (http://ec.europa.eu/DocsRoom/documents/24829)
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Figure 1: Example of a typical feed-in behaviour of subsidised and non-
subsidised fluctuating renewable energies

http://energypost.eu/how-to-calculate-revenues-of-solar-and-wind-power-when-the-subsidies-stop/

Day-ahead EUR/MWh



Figure 1. Short-Term (present-2015) Figure 2. Medium-Term (2015-2025)

Criticality Matrix Criticality Matrix
4 Yttrium Dysprosium 4 Neodymium Dysprosium
. & ' Europium . @ ]
(high) Coriin Terbium (high)
Lanthanum b
8 : ) > Lithium Europium )
S Te'_'zj\!tj_lm Neodymium = Tellurium  Yttrium Terbium
s| 3 O s 3 O | ©
- : |
Lithium
o 2 ' Gallium () o 2 @& Cobalt Manganese
0 ‘ Manganese b Gallium Praseodymium
g Praseodymium g Indium
£ 1 Samarium £ 1 Samasam
o o
Q. o
= £
1 (low) 2 3 4 (high) 1 (low) 2 3 4 (high)
Supply risk Supply risk

B Critical [ Near-Critical B Not Critical

https://energy.gov/sites/prod/files/DOE_CMS_2011_Summary.pdf



b i :
o . e REEs
é‘ i)
o \NQ
= \ ® BN
e}
©
Q ™
o
Yo
o
€L _
o * Mg nb *.Sb
= Q. : ~
£ @\ 1 * Graphiteg \1agnesite
A\ N
e, N = P \_eGe i 4
7] 5 . ® Ga o
= e Baryte : ¥ _ e Fluorite
N ' ~._ ®CoeSi
2. *Be
e » i Phosphate- —_ 4 Coking-
==, o eSc. ! Rocke *REMs :goa]
= N3G B> Lo T A3 PR e S R e e Natural -----2.%! L
W N, ®Re ™ oMo o5y  °"Rubber eV
<<% oA i e
~_ —eTa__ ,
Q5 o I ' G oFg ., —rlauxle
; i ypsum e .
0 93) Ben‘mmﬁe;Feldspar_.‘ GCC /.\| .M r|1-|f e 7n
o ——Perlite e o oTac gCyoiOrSand DT i
Diatomite eAu  Clays g3 %fe—— ®S¢  ®potash
& ==y T T T
2 4 6 8

EU "economic importance"” metric (~ vulnerability)

Figure 3. Re-plot of the criticality plot used in the EU study (EU Commission 2014) to identify critical raw materials, showing both the
boundary of the criticality field used by the EU (broken line), and contours of constant criticality calculated as the product of the two
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M. Frenzel et al., J. Phys. D: Appl. Phys. 50 (2017) 123002



100% renewable energy for 139 nations detailed in Stanford report

100% IN 139 COUNTRIES

Transtion to 1005 wind, water, and solar (WWS] for all purposss
(electrioty, transportation, heating/coolng, iIndustry)

Residentia! Commercialigovt
£ ooftop solar wofop solar S
14.89% 11.58%
Solar piant PROJECTED Wave encray J
W 21.38% ENERGY MIX 0.58%
Concentrated Gaothermal enee
W colacplant i i i S 0.67% ﬁ
9.72%
1 Orshare wind "W"fl‘;: 6
23.52% | |
Ofshore wind Tidal turbine °
4 13.62% 0.06%

JOBS CREATED 52 MILLION
JOBS LOST 27.7 MILLION

Using WWS electriaty for everything, instead of Suming fued, and
imoraving enargy afficiency means you need moch less ensrgy,

2050 Demand with 2050 Damand with
butiness se usunl 1 [ Wind, Water, Sun

42 5%

==

https://clcleantechnicacom-wpengine.netdna-ssl.com/files/2017/08/100-renewable-energy-
139-countries.png
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TABLE I. Program and Power System Development Objectives.

Metric Current Status 2020 Target 2030 Target
System Cost ~$12.000/kWe $6.000/kWe $900/kWe
SOFC Power Degradation Rate ~1.0%/1.000h 0.5 -1.0%/1,000h 0.2%/1,000h
Cell Manufacturing Approach Batch Semi-Continuous Continuous
Demonstration Scale 50 kWe & 200 kWe POC 1 -5 MWe DG, 10 — 50 MWe

Systems — Intended Initial
Operations Completed

400 kWe Prototype
System — Design of First
System in Process

250 kWe — 500 kWe
Prototype Systems
Two additional needed

Integrated Systems

Integrated Systems

14 000

11080

10.000

First DG Undl

2000

6O

< .
.
n
\ Wy
- 1o (A
5 \ e
. N\ Ve s

SystemSpecific Cost (20115/&W)

4 000 Yok N
CommercialDG Technologies " ™A 1 __ _______
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Figure 3. Projected SOFC DG System Cost Reduction via SOFC Program Progress and
Large-Scale Manufacturing Implementation.

S.D. Vora et al., ECS Trans. 78 (2017) 3-19



1900 - 95% conf interval whole industry
1,800 - 95% conf interval market leaders
1,700 - 4+ x Publications, reports and journals +
1,600 - X News items with expert statements @
1,500 - X Log fit of news, reports, and journals: 12 £ 6% decline == «
14004 \ Additional cost estimates without clear method X
Market leader, Nissan Motors, Leaf @
kS Market leader, Tesla Motors, ModelS ©
% Other battery electric vehicles ¢
E. Log fit of market leaders only: 8 + 8% decline == ==
4 Log fit of all estimates: 14 + 6% decline e
(5"5 Future costs estimated in publications A
™ <US$150 per kWh goal for commercialization
:
2005 2010 2015 2020 2025 2030

Graph 1. The cost evolution of vehicle batteries.

Year

Source: Nature Climate Change 5, 329-332 (2015)

https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_partl_v6.pdf



Power-intensive application example Energy-intensive application example Long-term storage

(1 h of storage) (8 hrs of storane) (2,000 hrs of storage)

2013 2030 2013 2030 2030

Low High Low High Low High Low High Low
Li-lon 138 573 38 106 181 754 76 218 1,000s
NaS n/a n/a n/a n/a 196 269 42 68 1,000s
Fow-V 156 238 57 97 148 239 50 96 1,000s
Lead 211 379 59 110 114 262 39 a8 1,000s
CAES-A 27 n‘a 19 n‘a 49 n/a 37 n‘a 1,000s
LAES-A 40 82 32 66 71 166 57 133 1,000s
PHES 18 28 18 28 24 42 24 42 >400
P2P H, Electrolyser and CCPP with salt cavern storage considered for P2P H, - 140

suitable for longer-term storage

Source: Fuel Cells and Hydrogen Joint Undertaking (2015), Commercialisation of Energy Storage in Europe

Table 1. The levelised cost of electricity storage for different timeframes (€/MWh).

https://ec.europa.eu/energy/sites/ener/files/documents/swd2017_61_document_travail_service_partl_v6.pdf



Fuel cell cars in production

2007 - Honda FCX Clarity - hydrogen fuel cell
2014 - Hyundai ix35 FCEV 21
2015 - Toyota Mirai - production version of the FCV concept car

https://en.wikipedia.org/wiki/List_of fuel cell vehicles
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« S

INNOVATIVE CONCEPTS

* Surpasses SOA performance, cost, and reliability * Advanced manufacturing
* Nowelcell & stack architecture * TRL4-8

CELL AND CORE TECHNOLOGY DEVELOPMENT

+ Cellpower enhancement & reliability + Innovative stack design(s) & balance-of-plant
* Modeling & systems analysis * TRL2-5

Figure 12. SOFC Program Development Timeline.
S.D. Vora et al., ECS Trans. 78 (2017) 3-19



NREL Updated Maps:

Arizona (2003) Wind Resources and Transmission Lines
California (2002)
Colorado (2004)
Connecticut (2001)
Delaware (2002)
Hawaii (2004)
Idaho (2002)
Illinois (2001)
Indiana (2004)
Maine (2001)
(2002)
Massachusetts (2001)
Michigan (2004)
Missouri (2005)
Montana (2002)
Nebraska (2005)
Nevada (2003)
New Jersey (2002)
New Hampshire (2001)
New Mexico (2003)
North Carolina (2002)
North Dakota {2000)
Ohio (2004)
Oregon (2002)
Pennsylvania (2002)
Rhode Island (2001)
South Dakota (2001)
Texas mesas (2000)
Utah (2003)
Vermont (2001)
Virginia (2002)
Washington (2002)
West Virginia (2002) Transmission Lines
Wyoming (2002) Voltage (V)
345 - 499
;\\// 500 - 699
/N, 700 - 799
The remaining states use data from the 1987 N 1000 (DC)
"Wind Energy Atlas of the United States". Source: POWERMSp,
powermap platts.com,
©2007 Platts, a division
of the McGraw-Hill
Companies
Wind Power Classification
Wind Speed ®  Wind Speed ?
at50 m at50m
mis mph
56- 6.4 125-143
% - ;.g :gg - :g.g U.S. Department of Energy
.0- 7. .7 = 16, National Renewable Energy Laboratory
B m s
88-11.1 19.7-248 4 » i
i P NREL
Wind speeds are based on a Weibull k value of 2.0
19-APR-2007 1.59




Peegelvaljad paikeseenergia kogumiseks

By g (S

Reflector

Solar Field
Piping
Korgtemperatuursed
protsessid

Vee kuumutamine



S I e b S VT ety Tt e et A et =
B Sy e |
¢ . -

. o - K
‘\ ";3',"’3 S

J. Johnson, C&EN, October 20, 2008, p. 40; Arisoona kdrbes,uldpindala




Figure 7.1 Worldwide distribution of CSP plants that are operational, under construction and planned.
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Concentrating solar power: its potential contribution to a sustainable energy future, EASAC policity report. 16, Nov. 2011, p.
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Breakdown of total watts currently used by the average Swiss
(5,000 W)

150 watts: public transportation

250 watts: air travel

500 watts: )
ng and office space
nd hot water)

600 watts: electricity

900 watts: publi
items

https://i.unu.edu/media/ourworld.unu.edu-en/article/786/breakdown-watts.gif



World nuclear electricity generating capacity by region, 1955-2011
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http://www.akbizmag.com/Alaska-Business-Monthly/May-2012/Global-generation-capacity-for-nuclear-power-has-grown-
to-over-346-gigawatts-since-1955/
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Rahvusvaheline Energiaagentuur kui
energiainnovatsiooni mootor

2. November 2017

Peter Gornischeff
Nounik OECD ja IEA juures

MAIANDUS- A peter.gornischeff@mfa.ee
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Mis on IEA (ja OECD)?
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OECD innovatsioonipoliitika

https://www.innovationpolicyplatform.org
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OECD teaduspoliitika t66grupp

Kuidas kasutada big datat paremini
teadusetegemises?

Maallevaated ja vordlused.

B Mansous-

EOMUUNIEATSIO S
MIMISTERR UM

OECD GOING DIGITAL PROJEKT

S Mansous-a

EOMUUNIEATSIO S
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IEA agenda/lisavaartus

ENERGIAJULGEOLEK

Mis toimub energeetikamaastikul laiemalt
(energiatehnoloogia, puhas energia,
vedelkltuseturg). Tracking technology gaps v.t
tabel jargmisel slaidil.

cop21
Vdimalus vorrelda liikmesriikide vahel poliitikaid

<m :mm:ama B Mansous-a

EOMUUNIEATSIO S
MIMIETERR UM

Gt CO, cumulative reductionsin 2060
0 200 a0

s |

W Renewables 15% i 1|.._
W Fuel switching 18% -

Nuciear 1%

WCCS 3I2% - |
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How are we doing? @

solar ...< and orshore wndg

_ Renewsbie power oversii
Nilclasr

i T .

sNot on track  sAccelersted improvement needed o: track

Tracking Clean Energy Progress {TCEP) highlights the overall status and recent progress of
clean-energy technologies 25 well as providing insights to achieve their full potential

TRACKING TECHNOLOGY GAPS OECD/IEA 2017

TCP expertise and global network (jea
* 38 TCPs, five groups: TCP / IEA inter-relations:
Cross-cutting activities (2) * 34 TCPs input into IEA analysis / modelling

« End use and energy efficiency (14)
«  Fossil fuels (5)
« Fusion power (8) + 23 TCPs tn third-party events with the IEA

« Renewable energy and hydrogen (9)

* 30 TCPs at IEA events / workshops

OECD/IEA 2017
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Bioenergia tehnoloogiakoosto6 programm

www.ieabioenergy.com

B Mansous-
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Biomass

* Health impact of combustion aerosols from biomass

 Study of the future thermal biomass plants in RE-
based grid

B Mansous-

EOMUUMNIEATSIO S
MINITERR UM
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Gasification of biomass and waste

* Vaatavad feedingut ja carbon capture’it. Korvalproduktide
vaartustamise klisimused.

* Metaani emissiooni raport.

e Pohisonum: kui olla ebatapne, siis biogaasi raporteid voidakse
kasutada ,meie enda vastu“. Uks pdhikiisimus on, kuidas viia
transpordisisteem biokUlituste peale nii, et see oleks
jatkusuutlik.

Maiasnus- a

b
SR KomuUN TSI e
b

MINISTERR UM

Biogas

* Taanil on plaan asendada kogu tarvitatav gaas
biomassi gaasiga (markuseks 2015 oli Taani sisse
imporditavast biomassist 40% Venemaalt).

Maiasnus- a

b
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Climate change Effects of Biomass and Bioenergy
Systems

* Bioklitused merenduses ja veonduses.
* Advanced Fuels in Advanced Engines Report

S Mansnus-

EOMUUNIEATSIO S
MIMIETERR UM

Sustainable wood pellet industry

 Sustainable wood pellet industry and trade study
* Vaatavad uhtlasi, mis on mdju hindadele.

S Mansnus-
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MIMIETERR UM
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Biorefineries

e Strategic biorefineries development.
* Joint bioeconomy report and survey 2017
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Biomass feedstocks for energy markets

* Exploring novel regional landscape approaches to
govern bioenergy supply chain developments.
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CCS ja CCUS

* Bio-CCS and forestry (Jussi Manninen, VTT).

* llma antud kiuisimuse lahendamiseta ei saavuta
bioenergiaga COP21 eesmarke!
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Biomass supply chains and sustainability

e Uurivad, milline peaks olema optimaalseim n.o
settlement.

e Rohkem infot: www.lgn.ku.dk/bioenergy-conf-

aol8/
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Filot Projects & Preparstary
Actions

Publication date:27 October 2017 Publication date:05 July 2016
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Kaheksa konkurssi

Energiatohusus — EE ‘05‘
Globaalne juhtroll taastuvenergia al-’ «\\)\)
Nutikas ja puhas energia tarbi’* \((\6
A\ 0(0
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0\\ \e
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Lahtepunkt:

Mis on minu tugevus/konkurentsieelis?

Mis mul pakkuda on?

Mida ma vajan?

Kas ma olen huvitatud rahvusvahelisest koostoost?
Kas mul on selleks aja- ja inimressurssi?

Milline on minu teadus-/arendusvoéimekus?

V V V V V V VY

Millist rolli ma endale projektis naen:
v"  Projekti algataja/koordinaator
v' Vastutava rolliga partner
v'  Konkreetsete lilesannetega partner
v

Allhanke pakkuja
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Voimalikud projektid (1):

Energiatohususe meetmed hoonetes

Ehitussektori arendamine

Energiatarbimise juhtimine ja t60 tarbijatega

Taastuvenergia tehnoloogiad kaugkiitte ja -jahutussiisteemides
Uue polvkonna taastuvenergia tehnoloogiad

Arenduste turulejoudmise kiirendamine

Uudsed tuule- ja paikeseenergia lahendused

Elamutesse ja toostushoonetesse integreeritavad lahendused

Erinevad lahendused energiatootmise omahinna alandamiseks

YV V.V V V V V V VYV V

Valdkondliku toostuse konkurentsivoime suurendamine
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Voimalikud projektid (2):

A\

Erinevad teemad nii lilekande- kui jaotusvorgu operaatoritele

» Energiasiisteemi paidlikkuse suurendamine ja
keskkonnamojude vahendamine

A\

Erinevate teenuste arendamine

» Uue polvkonna biokiituste ja alternatiivsete kiituste
arendamine erinevate transpordiliikide jaoks

» Fossiilsetel kiitustel tootavate joujaamade ja saastavate
ettevotete keskkonnamojude vahendamine, erinevad siisiniku
sidumise ja salvestamise tehnoloogiad

» Osalemine Euroopa Komisjoni poolt korraldatavates
(innovatsiooni)hangetes



esearch Cowncil

Oluline muutus 2018-2020 tooprogrammis:

Fookusvaldkonnad — holmavad koiki horisondi
valdkondi:

» Madala siisinikdioksiidi heitega, kliimamuutustele
vastupidava tuleviku ehitamine

» Euroopa tédstuse ja teenuste digiteerimine ning
umberkujundamine

» Majandusliku ja keskkonnaalase kasu iihendamine -
ringmajandus

» Julgeolekuliidu méju suurendamine
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* Uhe-, kahe- ja kolmeaastased teemad

* Detailne kirjeldus ja eelarve kahe
esimese aasta teemadele

* Enne 2020. aasta konkursse vaadatakse
tooprogramm lle ja taiendatakse vastavalt
eelmiste aastate tulemustele



31.10.2017

Teemad

Teadustegevuse iihise kavandamise ettevalmistamine

Taastuvenergia tehnoloogiate hinna alandamine ja
efektiivsuse tostmine (2-astmeline, tdistaotlus 23.08.2018)

Hoonetesse integreeritavad taastuvenergia siisteemid

Tahtaeg

31.01.2018

Teadusagentuur

Man Hesearch Cowncil

Tohusad taastuvenergia tehnoloogiad koostootmises

Taastuvatest energiaallikatest elektri tootmise hinna
oluline alandamine

Uue polvkonna biokiitused ja alternatiivsete kiituste
tehnoloogiade arendamine maanteetranspordi jaoks

Uute lahenduste turulejoudmise toetamine

Tohusamad tehnoloogiad kohalikes kiitte- ja
jahutuslahendustes

Voimalused hoonetesse integreeritud PV lahenduste
oluliseks hinna alandamiseks

13.02.2018
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https://www.b2match.eu/energycall2018 | BRI

Horizon 2020 Energy - Brokerage Event

Calls for Work Programme 2018 - 2020
24 October 2017 | Brussels, Belgium

# Home i= Participants Agenda How it works? Location Infodays C-Energy 2020 NUCL-EU 2020 Contact ] Login
We would like to thank all participants and co-organisers 4 Regitation
for making this event a real success! e e

260 participants from 34 countries discussed potential cooperations in 1100 meetings.
® ORGANISERS

g(x

C-Energy2020

o = gy
NUCL’>;{

Are you interested in submitting a proposal for "Energy" in Horizon 2020?

GET INVOLVED in the next H2020 Energy Proposals! enterprise

europe
A Brokerage Event in the field of Energy Technologies jietiek

Rurclnsce Cummnst s Vonsse Aesnrston
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http://WWW-C'energVZOZO.eu/ = Estontan Resrarch Councl

(O

EnergyZOZO

HOME ABOUT « GET NEWSLETTER INTRANET CONTACTS

(D

C-ENERGY 2020

Connecting Energy National Contact Points in
a pro-active network under Societal
Challenge 3 'Secure, clean and efficient

energy' in Horizon 2020

Find your NCP EU funding Partner Search EU networks News & EU Policy Calendar Media

C-Energy 2020 Project H2020 Energy Open Cal News  Policy updates




Kiusimused ja ettepanekud saatke palun:

maria.habicht@etag.ee

Kiired kluisimused:
51 74 058
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NUTIKAS
toob teaduse ettevotte teenistusse



Eesti Teadusagentuur [
o e Estonian Research Council

Mida pakume?

e Rahalist tuge oma idee elluviimiseks teadmiste, oskuste ja
seadmete abil, mida ettevottel ei ole, aga mis on olemas
teadusasutustes.

e Eelduseks on projekti sobituvus kasvuvaldkondadesse:
energeetika puhul IKT ja/v0i ressursside efektiivsem
kasutamine.

* Meetme kogumaht: 26,5 milj eurot, sellest vabu vahendeid ca
20 milj eurot.

* Senion toetatud 21 projekti, taotluste edukuse maar 42%.
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Estonian Research Council

Mida silmas pidada?

Toetust jagab SA Archimedes koostd06s Eesti
Teadusagentuuriga;

Taotleja: Eesti ariregistrisse kantud ettevote;

Toetuse suurus: 20 000 — 2 000 000 eurot projekti
kohta;

Toetuse maar: 25% - 70% projekti maksumusest
soltuvalt ettevotte suurusest ja projekti tutbist;

Vahemalt 80% projekti kuludest teadusasutusele;

Kuni 20 % projekti kuludest ettevottele. & «»’%‘
TR
oo ——




IRLE Eestilenusasenur p
Kes on tuge saanud?

* Kerogen OU
POlevkivi vaarindamine.

« Crystalsol OU
Paikesepatareide 6konoomsemaks muutmine.

e Hepta Group Energy OU
Ohuliinide dhuseire tdiustamine.

 Koik toetatud projektid
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Kes toetab?

Tea Tassa, SA Archimedes, meetmehoidja
tea.tassa@archimedes.ee, 7300396

Viktor Muuli, SA Eesti Teadusagentuur, valdkonnajuht
viktor.muuli@etag.ee, 7300325

Vaata lisa:

e www.archimedes.ee/nutikas

° www.etag.ee/nutikas




Andres Meesak
Eesti Paikeseelektri Assotsiatsioon



INNOVATSIOON...

.. on protsess mis tolgib idee voi leiutise kasulikku toote
teenusesse, mis loob vaartust ja mille eest on kliendid nou
maksma. X

Innovaatiline idee peab olema majanduslikult tasuvalt korratav
ja peab rahuldama mingit spetsiifilist vajadust.

Innovatsioon holmab teabe, kujutlusvoime ja initsiatiivi
Mendam&st,&tsaada ressurssidest suuremaid.voh=
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EPEA

Innovatsioon iseenesest ei
tekita turgu!




Paikeseenergia rakendamine on lugu innovatsioonist

Alexandre Edmond Becquerel Charles Edgar Fritts Albert Einstein

EPEA



EPEA

“I'd put my money on the sun and solar energy. What
a source of power! | hope we don’t have to wait until
oil and coal run out before we tackle that.”

Thomas A. Edison, 1931
G Womir Q.



Paikeseenergia rakendamine on lugu innovatsioonist

-

e

1954 Bell Labs

RN A
CIFCA

1966 1kW jaam NASA 80-dad laiatarbe vaikeseadmed



Paikeseenergia rakendamine on lugu innovatsioonist

Tengger Desert Solar Park, China - 1,547 MW - 43 km"




Tehnoloogiline innovatsioon ja arimudeli innovatsioon

* Kogukondlik ja Ghistuline
tootmine

Sunnyside :
Elementary School - SRSig

e (hisrahastus

e Sotsiaalsed projektid

EPEA il
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Tehnoloogiline innovatsioon EPEA
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Price history of silicon PV cells
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Source: Bloomberg New Energy Finance & pvenergyirend com




Arimudelite innovatsioon

Demand response can increase solar
self-consumption by increasing demand in
the building at times of high solar generation
and vice versa (known as local optimisation).

Smart automated building appliances such
as fridges, tumble dryers, washing machines,
dishwashers, motion-sensor lighting and
blinds. Digital technology can remotely
control and communicate with these
appliances to adapt on-site demand.

Heat pumps, heat storage batteries and air
conditioning units can be optimised with solar
generation and be a way of using excess solar
electricity by converting it into heat.

THE SMART BULDING PACKAGE

Electricity pylon/grid

Smart meter data and disaggregation can
also be used to help identify the customers
that are likeliest to have the highest self-con-
sumption rates.

F———— -

Smart learning thermostats that are
internet connected can be combined with
electric heating or cooling. Solar providers in
the US are already offering customers free
smart thermostats.

Smart building energy management
systems which can also provide monitoring,
are made possible with wireless communi-
cations, advanced data analytics and the
Internet of Things.

Smart electric vehicle charging in car
parks and the PV4EV ‘drive on sunshine'
solution could significantly increase
self-consumption rates for some house-
holds and businesses, especially when
combined with storage.

Battery storage is a mutually reinforcing
technology when combined with PV.
Residential storage can increase solar PV
self-consumption rates from approximately
30% to 70% with added system benefits of
reducing network and system costs.
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Paikeseaknad voivad-tuleviks tegreetilis
katta pea kogu hoone

potentsiaal on jouda kristallrs
vorreldava kasuteguri ja hinnag




Isetasuvad (kergliiklus)teed

Solaroad kergliiklustee P-Hollandis 2014

- Pikkus 70m

- Ehitajaks Hollandi ettevote Solaroad

- Pool tavalise betoonkattega ja pool PV-kattega

- 1. aasta toodang LOODETI ligi 10 000 kWh, katab 3 keskmise Hollandi
majapidamise aastase elektritarbe, TEGELIK 3000 kWh/a

- Tulevikus ennustatakse selliste teede tasuvusajaks 15 aastat

WATTWAY soidutee Prantsusmaal 2016

- Pikkus 1km, paneelide pind 2800m?2

- Normandias Tourouvre au Perche nimelises kilakeses

- Ehitajaks Prantsuse-UK ettevote Colas

- Elektrit kasutatakse kiilakese tanavavalgustuse tarvis

- Maksumus 5M €

- Prognoositav toodang 420 MWh aastas (ca. 140 majapidamise aastane
elektrivajadus)

- Eesmark 1km iga 1000km tee kohta paikesetee




Kodumajapidamise tarbimine ja PV

GENERATE

L 2 F=="" 2 P | Y 4 x 2 ’ J; . L ; htataepmnealatany st Y e L 2
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High energy generation / Low energy use
Store energy during this period
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Kes kuidas ja millal elektrit tarbib?

voimsus

Erinevate tarbijate 66paevane suvine ja talvine elektritarbimise muster ja
paikeseelektrijaama toodang

majapidamine

pagaritodkoda blroohoone

supermarket

EPEA



aamel ja part

Camel Curve
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Paike ja salvestus kaivad kokku nagu véi ja leib, nagu suvi ja rand, sukk ja saabas...
Kuluefektiivne salvestus lahendab paikeseenergia kasutamise fundamentaalse probleemi — tootmise ja tarbimise
erineva tsukli. Salvestuse abil 6nnestub paeva tootmine nihutada katma tarbimistippe dhtul ja hommikul.

Save It for Later: The Value of Energy Storage

W Solar Production

W Energy Usage /\
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